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Abstract  
Companies frequently find techniques and tools to enhance productivity and quality for success in the long-term in 
order to maximize competitive advantage. To date, lean manufacturing principle is one of the successful 
improvement concepts that have been applied to eliminate waste and non-value added activities that occur in many 
companies. This paper explores a real work case study of the manufacturing sheet metal stamping process to 
demonstrate how lean manufacturing can help improve work efficiency.  This study was conducted within 10 
months, started from July 2013 till April 2014. Lean and other improvement tools and techniques such as visual 
control, Poka-Yoke, and 5s were applied to help companies identify areas of opportunity for waste reduction and 
improve the efficiency of production processes. Studies of the company processes showed that the deburring and 
polishing processes tend to create the most non-value added activities and should be addressed as quickly as 
possible. The improvement results have shown a positive impact on the company productivity improvements. The 
significant results indicate that the processing time of a polishing stage, after applying lean manufacturing principle, 
was reduced from 6,582 seconds to 2,468 seconds or by 62.5%. Also non-value added activities were reduced from 
1,086 activities to 261 activities, or by 66.53%. Furthermore, overtime cost was reduced by 1,764 Dollar per year.  
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1. Introduction 
The sheet metal stamping industry, also known as the sheet metal pressing industry, is one of the most important 
industries in Thailand. Sheet metal is used in almost every sector of industrial and manufacturing production, such as 
home appliances (e.g. air conditioner, washer, cooker hoods, cookware, and so on), Electronics Company, and 
especially in automotive parts and electronic part industries. There are three main methods used in sheet metal 
stamping process depending on the design and customer requirement: shearing or known as die cutting, bending or 
forming, and drawing in the operation. Shearing or die cutting method is generally the first operation in sheet metal 
stamping process which is a process of cutting a piece of sheet metal in a straight line. Second, bending or forming 
method is a process used to deform or change with different shape of material or sheet metal. Lastly, drawing is a 
process in which sheet metal is increasingly formed during draw operation. Moreover, sheet metal stamping process 
may also include of others methods, such as punching, blanking, embossing, flanging, spinning, drawing, hydro 
forming, explosive forming, coining, swaging, shaving, and also trimming.  
      Due to the global economic recession and domestic political problems, economic growth in Thailand has slowed 
since 2012. Therefore, companies and industries must continually search for ways to remain competitive and keep 
going in the market. Process improvement methodology such as Lean manufacturing, Six Sigma, Total Quality 
Management, and so on as has become popular competitive tool, but its successes depends on the nature of 
organizations [1] and employees’ flexibility toward change. Several authors have identified the benefits of applying 
these process improvement methodologies. For example, [2] applied lean manufacturing to the design process in 
construction projects. The study indicated that lean efforts increased value adding activities in total work by 31%, 
reduced unit production errors by 44% of and waiting times 58% in production cycle. [3, 4] point out the benefits of 
applying six sigma for healthcare quality and in health care industry. The study found that Six Sigma has the 
potential to significantly improve healthcare quality and process, including a decrease patients waiting time in the 
emergency room, optimize the scheduling time for equipment testing, design a new and remodel existing facilities, 
and enhance staff to better understand the patient experience, process performances and staffing inter-relationships. 
Total Quality Management is another method used in process improvement. Total Quality Management can be 
defined as “management that focuses the organization on knowing the needs and wants of customers, and on 
building capabilities to fulfill those needs and wants” [5]. Although, there are many different studies reports the 
successful process improvement methodologies used to enhance organizations and companies processes throughout 
the past decade, lean manufacturing is considered to be one of the most well-known methodologies approach for 
improving organizational performance because the methodology is simple to apply and also easy to monitor.  
       Lean manufacturing is focused on continuous eliminating non-value added activities and maximizing value 
added activities through reducing costs and increase the quality of an organization processes. Normally, non-value 
added activities add costs to the process without enhancing the value. Non-value added activities can called as waste 
in lean manufacturing. Non-value added activities or waste refer to any activity that does not add value to the 
process and to activities that a customer would be unwilling to pay for [6]. Waste can be categorized into seven 
areas: waste due to overproduction, unnecessary waiting, unnecessary transportation, over processing, excess 
inventory, unnecessary movement, and defects. By eliminating waste in process makes operations significantly 
improve in low cost more efficiency. Several lean manufacturing tools and techniques were applied such as visual 
control, 5S, value stream mapping, and Kaizen. One popular tool for lean manufacturing methodology is called 
Kaizen. Kaizen came from Japanese word that consists of “Kai” and “Zen”. “Kai” means change whereas “Zen” 
means good or for the better. General, Kaizen means continuous improvement by involving every employee from 
the top to the assembly line who is part of the process.  
     The main purpose of this paper is to explore the impact of applying lean manufacturing in a case study of the 
company’s sheet metal stamping process.  The beginning of the research is to study the current situation in the 
company’s sheet metal stamping process through individual interviews of employees and observing problems in the 
study area. The next section determines the most frequently occurring waste and determines causes using Pareto and 
the cause and effect diagram.  The next section observes how the implementation of lean manufacturing could bring 
value to the case study company’s process. Lastly, the conclusion that consider of lean manufacturing 
implementation in the company performance is presented.  
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2. Sheet Metal Stamping Process and Methods 
    The sheet metal stamping process was studied by breaking it down into smaller subassembly sections and then to 
focusing on individual work elements. Performance improvement of the process will be based on the number of 
waste and the processing time in the process. The problem was analyzed by assessing Lean manufacturing tool and 
techniques and seven quality controls. A current value stream mapping has been implemented to identify waste 
within and between the sheet metal stamping process. [7] state value stream as “…the set of all the specific actions 
required to bring a specific product through the three critical management tasks of any business:…problem 
solving,…information management, …physical transformation.” 
    The case study company is a made-to-order manufacture of all kinds of stamping part products (e.g., spray 
coating, plating, and welding) for automotive, electronics and hardware parts. Fig.1. shows an example of an air 
compressor part used in the study, the deburring and polishing station before improvement, and barrel stone.  
 
a 
 
 
 
 b.  
 
c 
 
 
 
 
 
Fig. 1. (a) an example of air compressor part; (b) deburring and polishing station; (c) barrel stone 
       
      The company is structured into five major subassembly processes including, blank and piece of sheet metal, form 
the desired shape, deburring and polishing of parts, checking quality of each part and packaging. Blanking and piece 
is the first step of the company process that normally cut a piece of sheet from large sheets of metal to smaller 
sheets. Next, the metal sheet is sent to a sheet metal punching machine to form the sheet into the desired shape for 
use. Then, the piece of sheet metal and barrel stone are mixed in the mixer machine in order to deburring the 
product.   Lastly, quality of product is checked and then packing for customer delivery. Several waste activities have 
been noted during the sheet metal stamping process. The finding showed that there was an imbalance in the sheet 
metal stamping production. The production takes a long time so it causes the bottleneck, lateness in production 
process, and overtime costs. By observing the entire process and conducting interviews, the results showed that the 
deburring and polishing process tends to create the most waste and should be addressed as quickly as possible. 
Result of using current value stream mapping found that the deburring and polishing process has a longer processing 
time compared to other processes, about 6,582 seconds out of 7,860 seconds. Motion is significant amount of the 
waste that has been detected during the sheet metal stamping process.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Cause and effect diagram of motion waste in subassembly area 
 Man Methods
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No measurable standard Stand position 
Over processing Motion waste 
Lack of 
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Misuse in machine 
 
Deburring 
process 
problem 
Improper placement of  
the devices 
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     The problems of motion have been identified using the cause and effect diagram. The cause and effect diagram of 
motion waste in the deburring and polishing process that was obtained from discussing and brainstorming is shown 
in Fig. 2. Table 1 presents the problem and solution formulation that were used to the process improvement. 
 
Table 1. Causes and guidelines for the deburring and polishing process improvement 
Cause that contribute the problem in the Deburring and polishing process 
Guidelines for improvement Primary cause Secondary cause Detailed information 
1.Methods 1.1 Stand position 
 
1.2 Motion waste 
 
1.3 No measurable  
      standard 
1.4 Over processing 
1.1.1 Height between machine and device is 
not appropriated. 
1.2.1 Distance between each point is too far 
apart. /An unnecessary process is required.  
1.3.1 Barrel stone is required to measure all 
time. 
1.4.1 There is redundant of effort which adds 
no value to the product. 
Design a new platform and device collection 
(e.g. the roll-flow finishing barrel machine 
cover ) 
Adjust devices, raw material, and machine to 
fit the operation and work place. 
Design container for measure barrel stone. 
2. Man 2.1 High turnover 
2.2 Fatigue/exhaustion 
2.1.1 Work is required more effort. 
2.1.2 Work is required more effort and 
movement. 
Adjust devices, raw material, and machine to 
fit the operation and work place. 
3. Environment 3.1 Lack of visual 
workplace 
3.2 Improper placement 
of the device 
3.1.1 & 3.1.2 Devices and tools are not firmly 
in place that make worker hard to access areas 
and simply missing work. 
Adjust devices, raw material, and machine to 
fit the operation and work place, for example, 
remove the  on/off switch position, and design 
stopper to keep the machine right position. 
4. Machine 4.1 Lack of automation 
 
 
4.2 Misuse in machine 
4.3 Unclear signal/sign 
4.1 Several manual processing is used that 
make the process steps are likely to be missed. 
4.2 & 4.3 There is no signal to monitor 
machine and devices that may increase in risk 
of overproduction and damage. 
Design new devices such as develop devices to 
perform sorting (barrel stone and parts) 
Create signal as visual as possible to monitor 
machine and help worker operation. 
 
3. Improving Process 
In order to keep the deburring and polishing process efficient, the Kaizen technique and some lean manufacturing 
tools such as 5S, Visual Control, and Poka Yoke, were applied in each problem related in Table 1. The benefits of 
using the Kaizen technique are that helps the company eliminate problems easily by separating problems into 
smaller parts that make the company find ways to solve the issue, and then make improvements in the process.  In 
Kaizen, a study of motion is observed using a work elements worksheet that includes detailed motion in order to 
find an opportunity for improving any process involving employee activity and also to eliminate wasted motion in 
the deburring and polishing process. [8] describes waste motion as “any movement that does not add value to the 
product.” A total of eight steps in the process were identified: 1) open the roll-flow finishing barrel machine; 2) take 
old parts out of the machine; 3) clean the barrel stone; 4) put new parts inside the machine; 5) put the powder 
compound inside the machine; 6) put the barrel stone inside the machine; 7) close the machine door and turn on the 
engine; and 8) separate the finished part from the barrel stone. A process flow diagram of the deburring and 
polishing process including eight steps is shown in Fig. 3. 5S and Visual control are other lean techniques used to 
organize a visual workplace in the deburring and polishing process and increase a standardized work procedure 
more efficient and safer.  5S refers to five words that begin with the letter “s,” sort, set in order, shine, standardize, 
and sustain. Table 2 shows some examples of how lean manufacturing implement through Kaizen, 5S, and visual in 
the burring and polishing process.  
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Fig. 3. Process flow diagram of the deburring and polishing process 
 
Table 2. An example of lean manufacturing tools and techniques used 
Before improvement After improvement 
 
 
 
 
 
 
 
 
 
1) Fan is located on the ground that takes more time to 
move around during workday. 
 
 
 
 
 
 
 
 
 
1) Fan is moved from the ground to the top of ceiling (near 
the workplace) that reduces motion waste during work. 
 
 
 
 
 
 
 
 
 
2) Existing on/off switch on-off was installed behind the 
sheet metal punching machine. 
 
 
 
 
 
 
 
 
 
2) On/off switch for start the machine has a new located in 
front of the machine that reduces the risk of injury. 
 
 
 
 
 
 
 
 
3) There was no direction of rotation the sheet metal 
punching machine that may make the motor damage 
because of rotate in the wrong direction. 
 
 
 
 
 
 
 
 
3) Visual control technique is used to determine the direction 
of rotation of the motor that reduces the risk of motor damage 
and motion waste. 
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Before improvement After improvement 
 
 
 
 
 
 
4)  
 
 
 
4)Worker is required to separate completed parts from barrel 
stone after finished that took so much time (average 1.5 hours 
per time) and motion waste. 
 
 
 
 
 
 
 
 
 
 
4)New machinery are designed to perform sorting that reduce 
time about one-third minutes. 
4. Results 
The results of this study obtained from a comparative measurement of motion wastes, worker performance, and 
total processing time in the sheet metal stamping process before and after lean manufacturing implementation. As 
shown in Table 2, the results prove that lean manufacturing can be used for improving in the sheet metal stamping 
process as an effective process improvement methodology. After improvement, the total processing time in 
subassembly, the deburring and polishing process, was 2,468 seconds which yielded the reduction of 62.5% from 
before adaption. The number of motion waste has significantly reduced from 1,086 to 261 movement activities in 
the deburring and polishing process, or the reduction of 66.53% of motion waste. A significant reduction in overtime 
cost is another advantage of lean manufacturing implementation. The most important results for the study point out 
that tools and techniques of lean manufacturing do not require high-cost technology and investment. Although lean 
manufacturing has gained popularity over decades, the numbers of studies have shown unsuccessfully 
implementation of these tools and techniques, In fact, lean manufacturing methodology requires everyone in an 
organization to work together and create never-ending effort to continuously improvement as the organization 
culture.  
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